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Abstract. 
The previously reported product from the solid-state reaction of quinolin-8-ol (oxine) 
with salicylic acid, has been characterized using single crystal X-ray diffraction 
methods and confirmed as the discrete dimeric proton-transfer sandwich compound 
[(C9H8NO
+
)2(C7H5O3
–
)2] (1). As with similar compounds of carboxylic acids with 
oxine, protonation of the quinoline nitrogen occurs. However, in the case of 1, the two 
salicylate anions provide unusual duplex carboxylato-(O,O') hydrogen-bonding bridges 
[(oxine)-N
+
H---O,O'(salicylate)---H'-O'-(oxine)'] which stitch together the pairs of Β–
Β-associated oxine cations. This structure determination may provide a possible 
explanation of the mechanism involved in the facile solid-state reaction of oxine with 
salicylic acid. 
 Quinolin-8-ol [8-hydroxyquinoline (oxine)] is well known as a particularly 
versatile ligand for use in metal complex chemistry. Both the hetero-nitrogen (pKa 10.8) 
and the phenol substituent group (pKa 4.9) allow selective bis- and tris-chelate 
interaction with most metals, e.g [Pd(oxine
–
)2]
1
, [Cu(oxine
–
)2]
2
 while adducts involving 
metal complexes or metal salts with free oxine are also known, e.g. {[Ni(oxine
–
)2]
 
.
 
oxine}
3
, [K
+
(oxine
–
) . oxine]
4
 and [K
+
(oxine
–
) . (oxine)2].
5
 Metal complexes with both 
anionic and neutral co-ordinated oxine species have been reported, e.g. {[Ag(oxine
–
)(oxine)] . pyridine}
6 
 and the Ag complex unit in {[Ag(oxine)2]
+ 
. (p-toluenesulfonate
–
)}
7
, while both co-ordinated anionic and counter-ionic cationic oxines are present in the 
complex {[(oxine
+
) [PtCl2(oxine
–
)] . 4H2O}.
8
 
 Neutral adducts with organic compounds are less prevalent, but the structures of 
stable 1:1 adducts with chloranil
9
 and 1,3,5-trinitrobenzene
10
 are known, together with 
the 2:1 proton-transfer adduct with 1,2,3-trihydroxybenzene, [(oxine
+
)(thb
–
). oxine],
11
 
in which the oxine assumes the role of a cation. With the neutral adducts, the oxine 
forms cyclic hydrogen-bonded dimers via the hetero-nitrogen and the 8-hydroxy groups 
of the quinoline, with peripheral secondary intermolecular hydrogen-bonding 
interactions giving polymer structures. This dimer unit is similar to that found in the 
crystal structure of the parent oxine.
12 
 
Scheme 1 
   oxine     oxine dimer 
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We have reported
13
 a series of proton-transfer compounds and adduct hydrates 
of oxine with the nitro-substituted carboxylic acids, 2-nitrobenzoic acid (2-nba), 
[(oxine
+
)(2-nba
–
) . H2O], 3-nitrobenzoic acid (3-nba), [(oxine
+
)(3-nba
–
)], 4-nitrobenzoic 
acid (4-nba), [(oxine
+
)(4-nba
–
).(4-nba)], 3,5-dinitrobenzoic acid (dnba), 
[(oxine
+
)2(dnba
–
)2
 
. 3H2O], 5-nitrosalicylic acid (5-nsa), [(oxine
+
)(5-nsa
–
)], and 3,5-
dinitrosalicylic acid (dnsa), [(oxine
+
)(dnsa
–
)], together with the crystal structures of 
three of these. One of these, the compound with dnsa, showed evidence of both disorder 
and probable stack-faulting in the crystal make up. A similar complex to that found in 
the 4-nba adduct,
13
 with similar hydrogen-bonding interactions, is the adduct with 
salicylic acid (sa), [(oxine
+
)(sa
–
).(sa)].
14
 Molecular recognition towards oxine was 
identified in its 2:2 proton-transfer adduct with Kemp’s triacid (cis, cis-1,3,5-
trimethylcyclohexane-1,3,5-tricarboxylic acid), [(oxine
+
)2(C12H17O6
–
)2 .n(oxine)].
15
 The 
partially disordered oxine molecule in the lattice of this compound was found to be 
progressively lost during data collection without apparent loss of the crystallinity of the 
compound. This unusual solid-state property of oxine whereby it may either diffuse or 
effuse or undergo direct combination with solids has been previously reported in its 
reactions with anhydrides
16
, nitrophenols
17
, metal hydroxides
18
, 4-nitrobenzoic acid
19
 
and with salicylic acid.
20
 It is worthy of note that the stoichiometry of the product of the 
reaction of oxine with 4-nitrobenzoic acid (1:1)
17
 differs from our reported (1:2) proton 
transfer compound.
13 
In addition, with the yellow (1:1) compound from the reaction 
with salicylic acid in either the solid state or in solution
20
, it was claimed from 
spectroscopic evidence that reaction does not involve either charge transfer (electronic 
spectra) or proton transfer (infrared spectra), although ‘some type of interaction’ was 
assumed on the basis of slight shifts to lower wavenumber in the absorbances in the 
spectrum compared to those of oxine itself.
21
 The absence of proton transfer would 
appear unusual in the light of the relative acid strength of salicylic acid (pKa = 2.97) 
which is comparable to the pKa values of the nitrobenzoic acids [0.65 (2,4,6-
trinitrobenzoic acid)- 3.44 (3-nitrobenzoic acid)]. Furthermore, proton transfer is easily 
recognizable from the infrared spectra of compounds of this type,
13,22,23
 where the 
characteristic frequencies associated with the free –CO2H [ν(CO) 1657cm
-1
 for salicylic 
acid: 1700-1680cm
-1
 for carboxylic acids generally
22
] and quinoline-N of oxine are 
replaced by –CO2
-
 antisymmetric and symmetric stretching frequencies in the 1610-
 4
1550 and 1420-1300 cm
-1
 regions,
22 
and a broad (due to the presence of overtone 
effects) =N
+
H band in the 2700-2250 cm
-1
 region.
22 
Also it was claimed
20
 that in 
solution either molecular dissociation occurs or that the intermolecular associations in 
the compound are weak.  
In the light of these claims especially with the anomalous behaviour of oxine in mind 
and to extend our understanding of controlled molecular assembly of carboxylic acids 
both in solution and in the solid state, we have determined the crystal structure of the 
oxine-salicylic acid reaction product. This was prepared by solid-state reaction
24,25
 but 
was subsequently recrystallised from aqueous ethanol rather than from benzene as was 
used in the originally reported solid-state or solution-state preparation,
20
 where a partial 
benzene solvate was in evidence. However, the product showed the characteristics of 
proton transfer in the infrared spectrum
25
 [ν(CO), 1639, 1594 cm
-1
 ; =N
+
H, broad, 
centred at 2572 cm
-1
] and the recrystallised material is the same as the solid-state 
product. 
 
Similar characteristics were observed in the spectrum of the analogous 3,5-
dinitrosalicylate-oxine proton-transfer compound.
13
 Furthermore it is probably 
reasonable to assume that 1 is the same as the solvent-free reaction product of Singh,
20 
[ν(CO), 1630cm
-1
]. 
Our structural analysis has confirmed that this product is the 2:2 proton-transfer 
compound [(oxine
+
)2(sa
–
)2], 1 and as for the series of compounds formed with the 
nitrobenzoic and nitrosalicylic acids,
13
 it involves proton transfer from the acid to the 
hetero-N of oxine. However, the assembly of the cation and anion pairs is very different 
from the relatively simple hydrogen-bonding with subsequent polymer formation as 
found in the latter series and in the 1:2 salicylic acid adduct.
14
 Instead, both Β-Β 
interactions and hydrogen bonding are involved in the association of the 8-
hydroxyquinolinium cation pairs which stack down the approximate a-cell direction 
(Fig. 1a). The inter-ring separation of ca. 3.7∆ within the pair and 3.6∆ between the 
pairs in the stacks, is indicative of some Β–Β-interaction and is responsible for the 
possession of the yellow colour in the compound, generated immediately upon 
combination of the two colourless reactants and retained even in ca. 10
-4
M ethanolic 
solution
26
. However, the ring superimposition of these oxine cations (designated OX 
and OX') is destroyed by a pseudo-twofold rotational relationship to one another 
whereby the -O-H and >N
+
-H groups alternate in the stack. Completing an unusual 
molecular tetramer unit (the molecular asymmetric unit) are the two independent 
 5
salicylate anion molecules providing two carboxylato-O,O' bridges linking the alternate 
-O-H and >N
+
-H functional groups of the two-oxine cation sandwich OX-N1-H1---
O3',O2'---H41'-O4'-OX' [N1---O3', 2.669(3)∆; O2'---O4', 2.576(3)∆] and OX'-N1'-
H11'---O2,O3---H41-O4-OX) [N1'---O2, 2.657(3)∆; O3---O4, 2.558(3)∆]. These planar 
salicylate anions (Fig. 1b) are cis-related and are oriented approximately perpendicular 
to the oxine planes, linking only one side of the sandwich (Fig. 2). Although the basic 
(although cyclic) Type 13 >N
+
-H---O,O'(carboxylate)---H-O- interaction
27
 is found as 
having relatively moderate probability incidence (37%) among cyclic hydrogen-bonded 
dimer association types, the actual incidence is low. 
 
                                                         Scheme 2 
 Furthermore, the particular type found in 1 is unique in that it joins together 
independent Β-stacked molecules in a duplex mode, differing markedly from the 
conventional associations found with the adduct [(oxine
+
)(sa
–
) . (sa)]
14
 .and with other 
proton-transfer compounds of salicylic acid.
28
 It is also of particular note that there are 
no significant inter-unit interactions involved in the packing of these discrete molecular 
entities in the unit cell (Fig. 2) where they are related by a simple 21 screw operation 
along the b axis. Furthermore, this lack of inter-unit association is consistent with the 
relatively low melting point of the solid. A full listing of hydrogen-bonding interactions 
found in 1 is given in Table 1. 
Considering the compact nature of these molecular units and the relatively 
strong intramolecular associations between the constituent anions and cations in the 
units (reflected particularly in the hydrogen-bonding distances), it would be considered 
unusual that they are dissociated in solution as was suggested by Singh.
20
 Solutions of 
the complex as dilute as 10
-4
 M retain the yellow colour and strong visible absorbance 
characteristics of the solid
26
 so that dissolution does not appear to involve dimer 
dissociation, since neither the individual oxine cation or the salicylate anion are 
coloured..  
Another structural feature is the presence of the intramolecular O (carboxyl)-
O(phenol) hydrogen bonds in both salicylate anions [O1-H1---O2, 2.530(3)∆: O1'- H1'-
--O2', 2.501(3)∆], comparable to that found in the parent salicylic acid
29 
and its 
compounds.
28
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Conclusions 
 The proton-transfer compound prepared from the solid-state reaction of 
quinolin-8-ol (oxine) and salicylic acid, [(oxine
+
)2(sal
-
)2], has revealed a uniquely 
associated 2:2 sandwich tetramer which is primarily a Β–stacked oxine cation dimer 
pair linked by duplex cis-related carboxylato-O,O' anion cleats. The possible mode of 
solid-state formation of 1 could be simplistically perceived as occurring by initial 
proton transfer to the hetero-nitrogens of oxine while in the usual centrosymmetric 
hydrogen bonded planar dimeric solid-state form
12
, with simultaneous partial 
dissociation and rotation. Re-assembly into Β-stacked pairs with double stitching 
through the in-place salicylate anion pairs via their carboxylate groups (which have 
compatible O...O' separations), might represent the secondary process in formation of 
the unique sandwich units.  
 
Scheme 3 
 
 
 
Experimental 
Compound 1 was prepared by first grinding together 1:1 stoichiometric amounts 
of quinolin-8-ol (8-hydroxyquinoline = oxine) (0.145g: 1.0 mmol) and salicylic acid 
(0.138g), and allowing the reaction to proceed for ca. 1 week at room temperature. As 
indicated elsewhere
23
 reaction is identified by immediate formation of the yellow of the 
product. Quality yellow needle crystals [m pt 109-121
o
C] were subsequently obtained 
by the partial room temperature evaporation of the hot-filtered solution of the reaction 
product in ca. 40 cm
3
 of 80% ethanol/water. Found for 1: C, 68.0; H, 4.6; N, 4.8. 
C16H13NO4 requires C, 67.8; H, 4.6; N, 4.9%. The infrared spectrum was recorded as a 
pressed disk in KBr on a Perkin-Elmer Spectrum 1000 Fourier-transform infrared 
spectrometer, and confirmed the identity as a 1:1 compound, free from any solvent 
molecule of crystallization as for the 1:1 compound reported in ref.
20
. X-ray diffraction 
data for 1 were collected at room temperature on an Enraf-Nonius CAD-4 
diffractometer by using crystal monochromatised Cu K∀ X-radiation (8 = 1.5418∆). 
Data were corrected for extinction but not for absorption. The structure was solved and 
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refined with anisotropic thermal parameters for all non-hydrogen atoms using 
SHELXL-97
30
. Aromatic ring hydrogen atoms were included in the refinement at 
calculated positions as riding models while those involved in hydrogen-bonding 
interactions were located by difference methods and their positional and isotropic 
thermal parameters refined. The absolute configuration could not be determined with 
any certainty. 
Crystal Data 1   Reference: CCDC 190101. [(C9H8NO
+
)2(C7H5NO3
–
)2], Mr = 566.54, 
monoclinic, space group P21, a = 6.983(1), b = 16.174(2), c = 12.360(4)∆, ∃ = 
99.31(2)°, V = 1377.6(5) ∆
3
, F(000) = 592, Z = 2, Dc = 1.366g cm
-3
, µ(Cu K∀) = 8.2 
cm
-1
, temperature, 293(2) K. 3177 reflections measured [22max 150
o
: h, 0 to 8; k, 0 to 
20; l, -15 to 15], 2935 unique (Rint 0.015). Final R1* = 0.0344 (F); wR2* = 0.0998 (F
2
) 
[2772 observed with I > 2.0 Φ(I)]; S* = 0.983; Crystal size 0.56 by 0.25 by 0.20 mm. 
*  R1 = (Γ∗Fo∗ – ∗Fc∗ )/ Γ∗Fo∗);  wR2 = {Γ[w(Fo
2
 – Fc
2
)
2
] / Γ[w(Fo
2
)
2
]}
½
 ;  S = 
{Γ[w(Fo
2
 – Fc
2
)
2
] / (n-p)}
½
. 
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Figures. 
 
Figure 1a.     Molecular configuration and atom naming scheme for the oxine cation 
pairs (OX and OX') comprising the molecular ‘sandwich’ in 1, showing their 
pseudo 2-fold rotational relationship. Atoms are shown as 30% probability 
ellipsoids.
31
 
 
Figure 1b.     Molecular configuration and atom naming scheme for the individual 
salicylate anions (SAL and SAL').  
 
Figure 2. The assembled discrete molecular tetramer 1 comprising the oxine 
‘sandwich’ joined by the duplex cis-related salicylato cleats together with the 
packing of the. 21-screw related units in the unit cell viewed down a. 
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Figure 1a.     Molecular configuration and atom naming scheme for the oxine cation 
pairs (OX and OX') comprising the molecular ‘sandwich’ in 1, showing their 
pseudo 2-fold rotational relationship. Atoms are shown as 30% probability 
ellipsoids.
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Figure 1b.     Molecular configuration and atom naming scheme for the individual 
salicylate anions (SAL and SAL') 
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Figure 2. The assembled discrete molecular tetramer 1 comprising the oxine 
‘sandwich’ joined by the duplex cis-related salicylato cleats, together with the 
packing of the. 21-screw related units in the unit cell viewed down a.. 
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Table 1. Hydrogen bonding interactions in 1 
 
D----H…..A        D-H       H…A      D…A     >D-H…A 
O1   H1    O2     1.10(4)   1.48(4)   2.530(3)   158(3)      
O1'  H1'   O2'     1.08(5)   1.53(4)   2.501(3)   147(3)      
N1   H11  O4     0.89(5)   2.35(4)   2.682(3)   102(3) 
N1   H11  O3'    0.89(5)   1.85(5)   2.669(3)   151(3)      
N1'  H11'  O2
a
   1.06(5)   1.63(4)   2.657(3)   161(4)    
O4   H41  O3
b
   1.04(5)   1.53(5)   2.558(3)   170(4)    
O4'  H41'  O2'
c
  0.84(4)   1.74(4)   2.576(3)   177(4)    
 
a = -x, ½+y, 2-z; b = 1-x, ½+y, 2-z; c = x, -1+y, z. 
